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ABSTRACT

Effect of Wheat Sprout Extracts

on Hair Growth

Ms. Eun—-Mi Ryu

Advisor : Hyun-Jae Shin, Ph.D.
Dept. of Chemical Engineering
(Major: Cosmetic Engineering)

Graduate School of Chosun University

Wheat (wheat, Triticum spp.) the annual crops of around 1 m height has
been grown around the world. Wheat sprout used in this study was named
by the young shoots before generating the wheat growing areas in the
development process. Traditionally, wheat sprout has been reported to be
very effective for Mediterranean anemia called [B-thalassemia. Also wheat
sprout juice is also rich in antioxidants and has a good efficacy of vitamin
E, catalase and peroxidase activity which are considered to reduce
age-related cataract. There have been some reports on the health effects
but little reports on the effect of wheat sprout on scalp and hair. In this

study, a wheat sprout extract as a powerful natural antioxidant prepared

from a hydrophobic layer has been used to examine the hair growth and



scalp conditioning, and to evaluate the impact of any immune signaling
pathway. Some researches have been carried out and the results are as

follows.

1. Literature review

Research trends on utilization methods and physiological activities of the
ingredients of wheat and wheat sprout have been summarized as follows:

Research has been confined in wheat processing characteristics and
physical and chemical characteristics in case of wheat, and several works
on the nutrients study have been performed using the limited domestic
wheat varieties. In addition, there has been no report on the domestic wheat
(Kumkang) for the domestic literature and the anticancer, antioxidant
activity, and anti-ulcer activities and improved blood flow have been
reported for foreign wheat. Therefore, in this study, based on the literature
review some Wworks on wheat sprout for beauty industry have been

performed.

2. Establishment of wheat sprout growing conditions

Four cultivar of domestic wheats (Keumkang, Woori, Jogyung, and
Baekjoong) and four cultivar of foreign wheats (NS, USA; WH, USA;
ZCW, Canada; Chinese one) have been compared in terms of the leaf width
and thickness of sprout. Domestic ones are superior to those of foreign
ones. For sprout growth Canada one grew well but showed musty bacteria
contamination during the growth process resulting in browning of blossomed
wheat sprout. Thus it could not be used in the experiment. Keumkang

wheat cultivar has been used throughout the study considering the growth

_\/l_



rate and the ease of wheat supply.

Wheat sprout (Triticum aestivum) shows excellent nutritional and health
effects due to the contents in amino acids, minerals, and other nutrients rich
in chlorophyll and vitamins. So, the ground coffee was added to wheat
sprout media as the by-product component to increase the economic
feasibility. In this study, spent coffee grounds were used to cultivate the
wheat sprout for 12-day. An amount of 0%, 20%, 40%, 60%, 80%, and
10096 (w/w, based on commercial sterile soil media) were used under the
same conditions. Total length and weight of wheat sprout, above- and
below—ground length and weight, and the chloropyll contents were
compared. Soil media were analyzed before and after wheat cultivation,
showing that 40% and 60% (w/w) coffee media promoted wheat growth in
view of length and weight. Chlorophyll contents in each group showed
almost constant values, while 100% (w/w) coffee media led to a slight
decrease. In summary, spent coffee grounds stimulated wheat growth,

showing nearly stable contents of chlorophyll

3. Anti-inflammatory effect of wheat sprouts’ hydrophobic fraction

Wheat sprout (Triticum aestivum L., Keumkang) powder was treated with
80% ethanol at room temperature for 72 hours. They were then extracted
using ethyl acetate and n-butanol. Hydrophobic and hydrophilic fractions
were loaded on a silica open column (one liter for each fraction) and
analyzed by thin layer chromatography (TLC). The carbohydrate fractions
were detected using chromogenic reagent and concentrated by evaporator.
The separated fractions from wheat sprout were evaluated for the toxicity

and anti-inflammation activity by MTT/NO assay, for ingredient

- VIl -



identification using HPLC/MS. As a result, fraction no. 2, 7, 12, 14, 17, and
23 fractions from wheat sprout showed higher anti—-inflammation activity

than control.

4. Hair growth effect of ethanolic extract of wheat sprout

In this study, effects of natural antioxidants from wheat sprout extract on
hair growth of C57BL/6 mouse (female) were evaluated. Hydrophobic layers
(80% ethanol, open column) of wheat sprout (fr. 5 and fr. 8) were used,
with minoxidil (3%) as a positive control. With one week adaption, hair
growth of 6-week old C57BL/6 mouse (female) was observed after 4 weeks
of back hair removal. Trans—dermal examination and hematoxylin and eosin
(H&E) staining and toluidin blue staining of skin tissue were used before
observation with an optical microscope, which showed similar hair growth
in the positive control minoxidil (3%) as wheat sprout (fr. 5), while slower
in wheat sprout (fr. 8). The slaughtering cervical tissue at 4 weeks after
the CH7BL/6 mouse with wheat sprout (fr. 5) started the transition to
growth. Hematoxylin & eosin stained histological analysis of wheat sprout
(fr. 5) showed more follicles on the skin surface and smaller mast cells
(shown with toluidin blue dye). In summary, wheat sprout extract (fr. 5) on
C57BL/6 mouse in dermal application and histological analysis promotes the
hair growth, predicting an application of wheat sprout extract in a wide

range of hair remedy products.

5. Effect on immune hypersensitivity of scalp

Among 24 kinds of dermal tissue cytokine measured, C5/Cba, GM-CSF,
IL-1a, IL-16, IP-10, CXCL9/MIG, MIP-2, TMP-1 have been changed after

- Vil -



the treatment of wheat sprout (WS) extract. Among them, GM-CSF, IL-16,
IP-10, CXCL9 increased with the positive control, DNCB, the result of WS
was similar to that of the control group. In spleen tissue, C5/Cba, ICAM-1,
IL-1b, IL-1ra, IP-10, M-CSF, CXCL9/MIG, TNF-a have been changed.
Some cytokine signals were decreased (C5/Cba, ICAM-1, IL-1b, IP-10,
M-CSF, CXCL9/MIG, TNF-«). And IL-1ra were very close to the normal
group. It may be speculated that WS can inhibit the inflammation by a

signal transduction pathway.

In conclusion, through this study, the growth conditions of domestic wheat
sprout have been established and a novel media including coffee ground
waste has been introduced to increase the economic feasibility. Some
antioxidant and anti-inflammation activities have been verified using the
hydrophobic fraction of ethanolic extracts. Several ingredients responsible for
the activities were suggested and more works will be done to identify them.
For some fractions, hair promoting effects were examined using a mouse
model and histological and immunological results were given. Much works
on the immunological cytokines should be done afterwards. Wheat sprout
and its extract is very promising to cosmetic and beauty industry because
the raw materials are very easy to get, the cultivation cost is very low, and

several scientific findings on hair growth are available.
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Membrane phospholipid
1 Phospholjpase A,

Arachidonic acid

LPS

COX-1 COX-2 e | |L-1
TNF-a

PGH,

f%f/’fﬁ%\“ﬁf& S

PGE, PGD, PGA, PGl,

l

PGF,a

Fig. 1-1. Simplified diagram for prostaglandin production. Arachidonic

acid 1is first oxidized into PGH: by cyclooxygenases
(COX-1 and -2), PGH:> is then transformed into PGIs,
PGDs, PGE: or PGF2a respectively by PGI synthase, PGD

synthase, PGE synthases.

PGE,
S o= N |
{ b M . Q
[ Tcell ) [ Beell | — o age 3
-_— A ’,// "'/\7\\ ul -
A IL-4, IL-5, IL-10 4 19G1, IgE ! :t:g
\l, IL-2, IFN-y \1’ -

Fig. 1-2. Diagram for PGE. (prostaglandin synthases) regulation.
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Fig. 2-3. Classified by type of scalp.
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Table 3-1.

Key characteristics of wheat varieties

y } +4(%) e
s AR EFFT A&7 g AEF A W= (kg/10a)
e (8.4 (4. (cm) (g) =24 ARE g At S
e
& 2 1976 550 6.13 85 34.0 = of 62.9 - 46 384
a2g 1978 5.20 6.90 71 4338 7+ 7+ 68.9 126 35 451
=R} 1979 428 6.80 76 29.1 = = 65.0 8.7 59 393
A 1979 4.29 6.80 74 31.1 = z 66.2 7.8 475 446
v 1982 5.10 6.11 76 349 = 7+ 70.7 11.0 525 395
R 1986 5.30 6.11 71 37.0 7+ 7+ 70.7 105 511 470
ey 1988 5.20 6.11 81 36.0 = = 70.6 8.7 545 541
S 1992 427 6.70 79 36.8 7+ 7 64.4 7.4 583 529
sasd 1993 4.26 6.80 80 432 7+ 7+ 65.5 9.0 518 477
B! 1994 4.30 6.11 69 334 7 7+ 68.7 8.6 590 426
&y 1996 4.30 6.11 65 38.1 7+ 7+ 70.4 103 632 478
741 1997 4.29 6.90 72 480 = z 718 12.2 613 422
e 1998 428 6.90 66 32.0 = = 75.0 104 530 532
AE 1998 427 6.80 74 37.2 = = 66.3 9.8 524 485
WEY 1999 5.10 6.11 71 37.2 7 7+ 717 9.1 619 540
wa 1999 427 5.28 70 32.7 ok 7 69.2 11.2 659 524
zed 2000 421 5.29 74 37.0 7+ 7+ 67.0 109 524 414
zE9 2001 4.20 6.10 64 374 = 7+ 72.1 115 524 454
Qb 2001 4.30 6.80 70 45.0 = 7 725 103 581 542
Alv) E 2002 4.24 6.30 73 38.0 = 7+ 615 115 618 533
Z%9 2003 417 5.30 67 432 = 7+ 69.1 133 640 465
%79 2004 4.19 6.20 81 44.6 ok 5 72.0 126 571 519
AR 2005 4.23 6.40 77 389 7 7 70.9 11.0 638 587
R ESE 2006 4.30 6.90 79 31.8 7+ 7 66.2 109 567 558
w3 2007 4.29 6.70 77 39.8 7+ 7+ 72.4 8.8 524 535
A5 2007 428 6.70 77 40.1 7 7+ 69.2 89 588619 533
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Table 3-2. Applications with Korean Wheat products
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Table 3-3. Chemical compositions of wheat varieties

(Unit : %)
=5 T Ze A v 3|3
aFd 11.84 13.07 1.17 0.56
S 13.94 11.17 0.89 0.47
HEY 12.39 12.86 0.63 0.56
&z 11.90 13.20 0.58 0.64
R 13.94 13.50 1.23 0.61
ASW 9.63 10.12 0.98 0.24
DNS 11.81 14.36 0.84 0.30
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Fig. 3-1. Wheat sprout used in this study.
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3.2 2& FEAHE

2 (Triticum aestivum L.)& U Ao AEAA|2 seed, flower, leaf, root,
stem & TR F84% Avaa sk flowerdl FE = Wl T
HE AuldTE wl gshd el As At e At HE @

= [e)
8 s qo, YA AFZ = Fig. 3-29F 29] bio-medicine, food, cosmeting,

fic]

health care, diagnosis, nanomaterials, antioxidant 5o A77F Jay &2
AR {8 oisk Ay ey 2o dS AWEsta Anste] IEdh

Hp ol B3y Aol AAH growth chamber WollA 8 F¢t AAA 7]

5
T wAS Zgd ¥ Nitric Oxide® &9l 10 u M SNP(sodium
nitroprusside) & A& Foll A GE42e @A ke AV A=A MDA
Fo] ZrEwE AAHYIG®. T EHo WA (cvs Demir 20007 Konya
&= 85%, 17CelA Auieto] AHT §F ARAIA ZH5A
oh UAS AujstAA @ —tochpherol PlUlZEE, WA s B4 3 & F
Z°] ¥ cvs Demir 20003} Konya 2002¢] « -tochpherol §r=F2 Z+2} 26.99¢}
23.77 mg/kgol i, AR Z+7F 54629 4719 mg/kg ol Atk HulZE F24
M ol BAL mulE 3ho] FUFSE HolFAT ol WA A
cis—18:1% cis, cis—18:2 A H4ko]
A% A AT oln] 47 183 n3(w-3, omega-3)> S7FetA . 1 A3
LA Wols oY AldFE HY T
AHP? Caspase 3% >

GAE/mL Z¢ 9% 35 (polyphenol fraction)< Caspase 3 A<

Lo

s

2002)2 9¢ =t &

o
N

FasleE Hek 400, 6:0, 8:0, 10:0 AARS Wk

AN

i)

3 7% BAo FAUTE AL nelF

b
ko

[

P EA] 2 (apoptosis)oll  ZAAAQ gholth 5 ug
=%

F1 15 pg/mlL Z2H Q1E 3 E(protein fraction)= 48A]17F Fof ¢F 40% <7},
o] FE Zo] ¥€UE we o 20% =UFEtH HAA AR FEE 28 g

GAE/mLE 3% o 2R FARRAID wre g

2
-
ol

ethanolic extracts®] ¥4ksl &AL F==2 glycoside®t polyphenolic compound®]
o] 93t FAolgta Bastgh®, Aol E3tE glycoside F-Aboll 9 a3
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3}5 0] superoxide-scavenging &/ o] dojupix] DNA 4Fstol

thar oY, ws 2EE o FEAMo] &4 chlorophylle] ofyar
9] glycoside?! apienin-shaftoside®] Zz}H -ol= AFUS ¥
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Fig. 3-2. Application of wheat sprout.
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3.3 2% AEA

(1) Fts}
A =3F A Aol et FAalo] wobgel uwhe stE AAst= AA 3

9 ARl el Fe TS Holw Ytk AMF Fdojuk Ak, el kg

L

A% wE AdolA AR AEH BE BAAEEL o4 A5 oAt

162 glgaras= A4 Axay HEs &A1Y, Rs PAsE 284S

AR FHEA A= g A
A AstE G4 AS BAEE EA AsE A bAoA fElE singlet
oxygen, superoxide radical, ¥}4F3}<=4(hydrogen peroxide), hydroxylradical,
peroxyl radical, alkoxyl radical®} Z oA ¥ nitric oxide®} peroxynitrite
12] 3 myeloperoxidase®l A 414 =] = hypochlorous acid 5-o] ¢ t}!6V1e),

1 wbolabA] 6~109 2 dubd 0 2 wheat grassgl st olwl HIEFY, T
g HEEdieol=E ET EY @A ol Hdol =gt KB skl

o|\

Al

0160 M =259 o] 83 CME(KSE2) AlELFE o]Ld)] AlxAE 2 &3
S

FEATNA WAEFFY MAY ALF Astm AZAE] HE

W (CME)2] a2 93 Hito] 71sd

X

Aoleta AT, WA o
Faol o3 AEateEe Fehuiwol =t B P50l AEE JA A
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B 135G Wheat grass 220l = 7} 2 E] 0] = (carotenoids) 9 =} 1.1 0]
E(flavonoids)®} 22 4tkst Z4eo] FH-skal vl ERY(vitamins) C, HIEFYI

(vitamins) EE S7FAA 83 Z# 2~ H &(cholesterol) =& wEthal 3%t

(168)

U F=%E5E B-thalassemiaztil st A gl w3zl A vl €2 5%
o] Attal Barxo] 918 W vk ojYg} w3l WAAR F& F5o] ol &

al
HA Aot wel gleelolAl(catalase) 2 7S Al Ho] Z(peroxidase) FE©]
ofF Zaf w14 WMugS wWol HAAZIM A dikskiEArr Fol wol
3] ke AFAsr g’ aga 2

34 E4e dAdty H9u, ug Fag s2E R 44 de

=
e
e
il
s
g
7
>
fo
>

A10 mL A &A1 F 0,3, 7, 14 4 ofF A 2w wol £ g
3 FgHz=2Eox  Ad#HA  endocrine disrupting chemicals(EDCs)9]

bisphenol A9l =A< d=avan Basgo™,

Eo Ao vt dAgsta AEIF2ZHH A Fdd st xE /HAn
dol AANe dAE A AAFoEZN HAEd =S T URAFAE
o] &3] o] & Lr|d A FH U (Breast 20%), (Oesophagaus 11%), th
ok Colon 9%), WA (Ovary 8%), 1Al < (Hepatocellular carcinoma 6%),
(Stomach 6%), 7]1Ek(others 15%), W& F3 ¢ % (cancers wer Lung 25%)&
670 &<k 30 mL ¥ F&8tA el 2 A dEaEEN FA 8 F o
A 9 gdRwoel AA F4Ee FAsActY. Abgre] gk Al ¥ (human

colon adenocarcinoma (Caco))& ©]&3 234 20S proteasome &2 &
Akl AEU ArstcraA el 2712 mAdHGY, AR Faol gIE o] 43

WA E3tE o] = X olE(proteasome)©] WX F A HZA] HEto] 7}
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Table 3-4.

The medical application of wheat sprout extracts

Activities Health effects Main components Mechanism Application Ref.
Reduce
myelo—toxicity Wheat grass juice
and need for Polyphenols; (WG]) for
Anticancer granulocyte Orthophenolics; chemo-therapy FAC .
. . . ) Breast carcinoma (182)
activity colony Oligosaccharides; (5 - fluorouracil,
stimulating glucans doxorubicin and
factors (GCSF) cyclophospamide)
support
Decreased . .
. Vitamins;
cancer causing .. .
. alkalizing Degenerate chemical (183)
ability of . Cancer
) minerals; mutagens (184)
chemical
Chlorophyll.
mutagens
Carotenoids: Liver, stomach
arotenoids;
Reduce the . Chlorophyll and
. phenolics; o . . 185)
cancer risk . derivatives gastrointestinal
flavonoids.
cancer
Reduce the
roduction of
Anticancer b . .
.. . carcinogenic,
activity (with Methylated & .
hlorophyll phenolics; aromatic
non c 5
o hydrocarbon Cancer (186)
containing omega-3 fatty L
. derivative, by
Wheat sprout acids R
inhibiting
extract )
benzopyerene
mutagenecity
Cyst wounds,
fistula-in-ano,
. . Water-soluble sarcoma/
Anti—ulcer  Anti-stomach Heteroxylan L .
. . . derivatives of carcinoma, (187)
activity ulcer activity polysaccharide

chlorophyll

_45_
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Both anti— Glucan;
inflammatory arabinoxylans;
and antioxidant alkaloids;
properties troponoids
Preventing
oxidative
d . Insoluble-bound
amage to . .
Antioxidant . & . phenolics; Ferulic
vt deoxyribonucleic d
activi aci
v acid (DNA) and .
o dehydrodimers
lipid
peroxidation
Lipid per .
. p, b Polyphenolic
oxidation and .
. flavonoids;
oxygen radical . )
glucosinolates;
absorbance
. feruloylated
capacity . .
oligosaccharides
(ORAC)
Decrease in the [B-carotene,

disease activity « —carotene, and

index B-cryptoxanthin
Blood building Lower
activity in transfusion Chlorophyll;

Thalassemia requirements in Flavonoids; indoles

major thalassemics

Wheat grass juice
rich in bioflavonoid
as therapy for
ulcerative colitis

Mimics glutathione

transferase activity

as an effective iron
chelator

Antioxidant enzyme
super oxide
dismutase (SOD)
converts dangerous
free radical reactive
oxygen species into
hydrogen peroxides

Uncooked vegetarian

diet rich in
lactobacilli

Inhibit tumour
(188)
(189)

necrosis factor
(TNF) induced
transactivation

Reducing serum

(190)
myelodysplastic (191)

ferritin in

syndrome

Kill cancer cells (192)

Decreased
subjective
symptoms of  (193)

rheumatoid

arthritis

Transfusion  (194)

Wheat grass juice dependent Beta- (195)

Thalassemia  (196)

_46_



ToPeNoaphwh s

- O

o 0 Iy

Polyphenols
Orthophenolics
Oligosaccharides

1. Insoluble-bound
phenolics
2. Ferulicacid

Siltl;:ir:lss dehydrodimers
Alkalizing minerals 3. Polyphgnohc
Chlorophyll flavono_lds
Carotenoids 4.  Glucosinolates
Flavonoids 5. Feruloylated

oligosaccharides
6. B-carotene
7. A-carotene
8. B-ryptoxanthin

Methylated phenolics
Omega-3 fatty acids

Heteroxylan o~ N

polysaccharide > 1. Chlorophyll

Glucan [ % \ 2. Flavonoids
| ERI ;

Arabinoxylans \ 2t | 3. indoles

Alkaloids A

troponoids i

Fig. 3-3. Main compounds of wheat sprout.
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Fig. 4-1. Schematic diagram of plant growth chamber used in this study.
Inset: photograph of plant growth chamber.
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Fig. 4-2. The process of wheat sprout growth.
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AR (2 Wheot

Fig. 4-3. The comparison of imported and domestic wheat.

(a) Keumkang wheat (Korea), (b) ZCW (Canada).

Table 4-1. Growth results of imported/domestic wheat

Sample 7 (mm) % (mm) Aol (mm)

Exala! =73 0.20£0.015 3.60+0.695 16.20+£4.950
8 0.20+0.010 3.74+0.302 14.53+£3.950

Z=744 0.22+0.010 3.80+0.334 15.03+£2.532

LA 0.21+0.021 3.48+0.507 15.93+£2.926

T NS ("]=) 0.18+0.020 3.56+0.343 18.07+4.424
WH (9] =) 0.20£0.026 3.00+0.541 14.83+3.326

F =4t 0.20£0.010 3.60+0.547 16.20+2.663

ZCW (Fhye) 0.19+0.021 3.37+0.494 19.07+3.456
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Fig. 4-4. The comparison of imported and domestic wheat on widths.
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Fig.

4-5. The comparison of imported and domestic wheat on thickness.
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. 4-6. The comparison of imported and domestic wheat on lengths.
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2348 23 2 &

(1) &FAY 744 32 24 43 Hlu

79 Habeg ol gd wae AES HUbety] flste]l dnk Bl 9
FAY FAES 0%, 20%, 40%, 60%, 80%, 100% (w/w)¥ EFste] 129 &
ok Ajuistdvr. DA AE) 1294 T 2o A FHWH S o] &3ste] Fig. 4-7%
ol Aujste] FAstglon 1 dib= vt 2

Fig. 4-7. Wheat sprout samples after growth experiment using

randomized block design (RBD). From left to right, the
content of coffee grounds is 0%, 20%, 40%, 60%, 80% and
100% (w/w), respectively. (a) the total length, (b) divided

components.
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E 100,00 - M Length of fresh wheat
sprout above ground
u Length of fresh wheat
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0.00 -+
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Coffee grounds (%)
Fig. 4-8. Length variation of fresh wheat sprout. From
left to right, the content of coffee grounds is
0%, 20%, 40%, 60%, 80% and 100% (w/w),
respectively.
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= iF 1 . aF
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Coffee grounds (34)
Fig. 4-9. Length variation of dried wheat sprout. From

left to right, the content of coffee grounds is

0%, 20%, 40%, 60%, 80% and 100% (w/w),

respectively.
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Fig. 4-10. Weight variation of fresh wheat sprout. From

left to right, the content of coffee grounds is

0%, 20%, 40%, 60%, 80% and 100% (w/w),

respectively.
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Fig. 4-11. Weight variation of dried wheat sprout. From

left to right, the content of coffee grounds is

0%, 20%, 40%, 60%, 80% and 100% (w/w),

respectively.
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Fig. 4-12. Total chlorophyll contents with different amounts of

coffee grounds.
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Table 4-2. Soil media composition for wheat sprout cultivation used in

this study
coffee exchangable cations o
. conductivity
ground pH organics  phosphate (cmol+/kg)
id (1:5) (g/kg) (mg/kg)
resiaue grse meske Ca Mg (ds/m)
(w/w)

0% 6.0 61 90 1.60 27.70 12.7 3.2
20% 5.8 61 543 6.40 13.20 13.0 3.7
40% 59 62 171 2.36 24.90 135 1.1
60% 6.0 62 183 2.22 17.50 10.7 1.8
80% 6.0 61 288 3.77 13.80 105 2.2

100% 59 62 1087 9.50 3.50 10.1 5.0
conventional
. . 6.0 62 126 2.09 21.00 12.1 1.6
soil media
Appropriate 0.45 6.0 2.0
6.5~7.0 20~30 150~ 250 0.0~2.0
range ~055 ~70 ~25
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Al 5 & RAW 246.7 3 Al £ A ¢ AR FZE 9]
daz a3

1. 434 =

A& CHAMBER(tHE #48}), 23, AL 94 (2 ¥ %), TLC(Merk), TLC
245 nm(Merk), Capillary Tube(LKlab), Silica gel 200~340 mesh(Merk),
Funnel(vissal), Separatory funnel(PYREX), 5 L Erlenmeyer Flask Narrow-
neck(F4 78}, 500 mL Erlenmeyer Flask Narrow—neck(&4 #3}), 2000 mL
Evaporating Flask(PYREX), 1000 mL Evaporating Flask(PYREX), 500 mL
Evaporating Flask(PYREX), 2000 mL Chromatography Ball Column(PYREX),
Mini TLC Developing Chamber(LLKlab), 1000 ml. Mess cylinder(SUPERIOR),
Circulator RW-0525G(JSR), Centrifuge for vacuum Modulspin31(Hanil
Science Industrial Co.Ltd.), Cold Trap Bath CTB-10(JEIO TECH),
Evaporator R-II(BUCHI), Vacuum pump(KNF LAB), LPS(sigma-aldrich),
Griess reagent(sigma - aldrich), Thiazolyl Blue Tetrazolium Bromide(sigma-
aldrich), TRI-zol(Geneall), MMI1-V (invitrogen), Anti-iNOS antibody(Upstate),
anti-B actin antibody(santa cruz), PVDF membranes (Pall), skim milk(BD),

chemiluminescence reagents (Amersham).
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2. 4990

2.1 A 8EFZE
AMEFES Fig. 513 2o Ad dxd dAS A 24 § wheat

sprout dried powder 200 goll 80% Ethanol 5L(D.

W
incubatorel A 150 rpmo® 39 FF FEEAT FEES IFHYE I F
evaporator loteryE ©]83] 30CoA & =539l Ethyl acetate : water
E 112 Yo as A7IA &1 w545 Az F F FHE A8 2
Zrw 7)o FEES Y-S 5 Ethyl acetate®} water® @321t} Ethyl acetate

% Ethyl acetate < n-Butanol¥} waterE 1:112 Yo

-

T WA w5 T
TS A7IA Za g T EEE o 2l 297 E ©] &3] hydrophobic
%3} hydrophilic 22 ##= 3dt4t}t. n-Butano &2 Fig. 5-2¢9 #Zo] TLC
2 Aol H7)Em(solvent) H] L (hexane : ethyl acetate = 82, 7:3, 55, 37,

0:10 — methanol 100%, methanol 50% [ethanol 50% %} water &3§9], water)
S #9l3lt}. n-Butanol &3 water =2 27t =3} normal-butanol?]

hydrophobic & open column® = #3E /S F 3t} Egd E3E

v

2 TLCE o] &3l Fig. 5-33% #o] F8A&e] o=+ fraction 1, fraction 5,

fraction 8& & 2o A&}
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extraction Evaporation solvert partition perform a column

Fig. 5-1. Wheat germ extract process.

HiE=6:2 H:E=T73

Fig. 5-2. Open column with Hexane and Ethylacetate.

Wheat" sprout
( Triticurn aestivum L. (keunkang)) "

Solvent partition with EtOAc/ Water=5/5
Driedweight: 25.73g

EtOAc layer (2.159) Water layer (238 g)
‘ Solvent partition with n-BuOH / Water =5/5

n-BuOH layer 2g) Water layer (015 g)

fr.1 frz 3 fr4d fr5 fr6 fr7 fr8

Fig. 5-3. Isolation diagram of the fraction 5 and fraction 8

from ethanolic extracts of wheat sprout.
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2.2 M Xt

A& o= RAW 264.7 macrophage Al E5FE AF&3l1om A¥:F3= DMEM
=] ol 10% FBSSF 1% streptomycin/penicilling & 7}sle] 37CoAA 5% CO2
Z7 sl A Hl ksl T}

2.3 MTT assay

RAW 264.7 S A A 32E 96-well platedll 2tz 1x104 cells/wellS A &3
AZE st Wi skt 24 FEES w5, 10, 50, 100 pg/mL)E  ZHZ
A2l gk g 1A = LPS 20 ngs 18A1%F 53F A gste] mfgatgiet. wjdol
2 Alxo] MTT stock €95 mg/mL)S wigulx] B3 HFHo=z 1/10
HA HA7Esto] 37ColA 4A1ZF FF whg AR v = wjk deds AA
3 oy Z7bel welldl DMSO 200 pLE&  #7bstel  AEelA A=
MTT-formazan 2 A& &3 A21 & ELISA reader® 570 nmolA F3E&
=4 stk

o
N\l

m

-

2.4 NO assay

RAW 264.7 2] AEE 1x104 cells/wellS 96-well plateo] HF3FaL 2447+
ek w2 FEES sEEE (1, 10, 50, 100 pg)®  ZH7E Al sk
I IAIRE 5 LPS 20 nge 18A1%F &<¢F A gste] vttt wide] & Al
Fujek AS5H 50 S FHsle] 96-well plate® %7 & Griess reagent (1%
sulfanilamide in 5%  phosphoric acid and 0.1% N-(1-Naphthyl)
ethylene-diamine dihydrochloride in distilled water) 50 & &3%3}e] 10 min

Fob wk$-A) 71 & ELISA reader® 540 nmoll A F3 =5 =A s}
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2.5 RNA #37 % RT -PCR

RAW 264.7 t4] AZ£E 60mm disholl 24417k &<t wjgFsta 9% FE2ES
1, 10, 50, 100 pg & Z+7F Aglskar 1AZF $ LPS 20 ng< 18A1%F &<t A&
sto] ikttt Zhz MEZ 9] total RNAE FE317] €98 TRI-zol 1 mL&
HA7tsto] AEE SalAl 7131 Ao A 52 &< incubation ¥ chloroform 2001
LE #H7lste 8438 2 13200 rpmoll A 158 FoF 9ARe s £
Az Ss Byldte] RS tubeol FHo 29 isopropyl alcohols #H7}sh
% 13,200 rpmellA 10 min &<k ¥4 EEste] RNAE FI WA AT 70%
EtOHZ washing % =2dA HAFXAA 01% DEPCel| &3 AAL. F=4
RNAE spectrophotometerE ©]&3lo] & 2@ £ 393 ¥ Hx RNAY
5 pg= M-MLV RT <HAL 45 ol &3] AHALE it vEEAA Y2
25 ng® RNAe°| 3d3d3st= cDNAE FFo =2 3tal iNOS primer (5'-CTG
CAG CAC TTG GAT CAG GAA CCT G-3', 5'-GGG AGT AGC CTG
TGT GCA CCT GGA A-3'), B-actin primer(5'-TGG AAT CCT GTG GCA
TCC ATG AAA C-3', 5'-TAA AAC GCA GCT CAG TAA CAG TCC

G-3')= o]&3}lo PCR(polymerase chain reaction) WH o 2 Z3EA|Zt},

2.6 Western Blot

2647 A A EE 1106 = 100mm disholl 24A]7F &<t wj sl d%
FEw vE¥E (1, 10, 50, 100 xg/A A2 AEskal 1A41F $ LPS 20 ngs
18A17F &<t A glste] wjgstdtt. wgst AxE PBSE  washing 3¢

microtubedl] &7]3 YAAEE st AE A= RIPA buffergs 7 7}ste]

Y
ke
i
ofo
:(!>|:
_?L
i

4C 13200 rpmo & 20 &< dAwE & & A4S F
sto] Gl dS FEstdoh wElsh @l de BCA W wel As = 10%
SDS-polyacrylamide gelS AF&3te] A7|9ds 3 & PVDF membrane®l

transfer 3% TF. membranes 5% skim milk solution®] 1A]7F &<t blocking
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% 12} antibody INOSZ 4T A 12A17F &<+ Wk A]7]al, washing $ 2

Fot ¥k3 At} chemiluminescence reagents

< Yo

rol

2} antibody & Aol A 1A%k
& ol g3te] xoray filmo.2 W33sIth Bractin® 24zHe] AR FFe @Y

Aol HolglA Halaty] Ad vlEEoR A
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3. 4d 2% X &

A %59 hydrophobic S5 ©]-&3te] RAW 246.7 thA A4 MTT
assay 2} NO assay WWHOo=Z total T, EtOAc 5, n-BuOH & 183 & ¢
M &3}8}o] fraction 1, fraction 5, fraction 8 3] A5 thal] A A}
=t 2

3.1 MTT assay$} NO(Nitric oxide) assay

AA, DA FZE9] total T ol&d AME AEEFL MEY 9T WSS
Solr 7] 9 HE3t A= Fig. 5-49F 2tk RAW 246.7 2 A Lol A o}
A% AsA G 2447 B FAS W) A F2S 100% AESE A
At LPSe Al olsl7] 9lste] RAW 246.7 th2) Al LPS 20
pgs A ds w Axe AA = HEEY 2 FAE BZAth 2 AT
o X 5A4ES gRlsty] 918l RAW 246.7 A AIE
, 10, 50, 100 pge 22+ Adstdt. 1 23 24

PH
>~
rulo
fo

ml

Fig. 5-5¢} %t}
RAW 246.7 t 2] A 3ol LPS 20 pg ¥4 F=%& 1, 10, 50. 100 uge Z+7F A
gl 3 Az} I# FEE hydrophobic &olA AIE AEE 2R FEE 1, 10,

50 ugZtA Aol HAdo] e BHAsHAIL 100 pgoll X A E AHEE ] 40%7HA]
Ax G5 oA s 28 FE55 1, 10 gl As 950 &< Hslen, 9

A FEE 50 ugol A& control@t FAFSHAl A5 o] AsE S gl
s

A WA FEE n-BuOHS AF-83] hydrophobic ¥ hydrophilic &2 =2
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w2kl A93gk g hydrophobic Sl tdt AX 543 A5WS] Ao
Fig. 563 2t ¥ FE5E55 1, 10, 50 pgoll A <kgkell A2 7fAISF7F =
0 ugS As9S W 20%°] HEES HAFATH
s HEgolAE WA FE2ES 1, 10 wgoll Al EF0] Asl Hx o xR
F=& 50 pgoll A control? fFAMSHAl A5el AsiES &l
U AR FZ5o] n-BuOHE hydrophobic =¥ hydrophilic =& #& 3
< hydrophobic & open columns &3l 87 fraction®e® U3t 84 %
] 98 Azt dd== fr. 1, fr. 5, fr. 8.2 AE 543 G503 the dx
oS3 2o w9l F=E5ES 1, 5, 10, 50, 100, 200, 250, 500 pugoll A
fraction 1o Z3}+= Fig. 5-73 #o] 500 pgoll A Fztoll ME AlHo] B oy
500 pg9 952 ANES ddEd & Ak Fig. 5-83 9] fraction 59 2
F= FAL 500 pgoll A ekgtoll Al AbEol Hlon 500 pgll AT AdMES

o

s

of Wl AE AEEo] g, A5: /S & FUF AT

sk A A F(reactive nitrogen species)®] stuoly, H g5 ¥Hg-9 F Q3

Z-gelztz & A nitric oxide(NO)(JUNG2013)™" A4 Ao thah 28 F

=5 B9 dotrny] 98 ded 2E A¥S Fdssid E S
H

i
2 Fug thS Basu S.9F Hazra B.%?¢] wWilo] F3te] AHS st

=
i
e
i
o

datiA S7kete Aoz SR1EATh A A A= LPSY 22 o F A=
o] dojuyb NO, PGs, 954 cytokine?} 72 thksh H

Sy
=
lo
ol
o2
o|N
r]I.
oo

NO  synthase(NOS)ol  ¢J3] L-arginine® = 4-H AAAETH  NOS=
constitutive NOS¢} inducible NOSGNOS)E o]t} 53] iNOSe} 9§}
= ol proinflammatory cytokine ol & A= ®HAl =™ hepatocytes,
smooth muscle cells, bone marrow cells, monocytes, macrophages 5 CT}%3t

AZ A wd g o] theke] NO= AAS T Bas o] ¢,
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Wheat sprout total Wheat sprout total

MTT assay NO assay
120 Z 1000
il
100 =
= : s 80.0
T a0 3 60.0
c o 8
s 60 o°
5 40 E 40.0
® 20 % 20.0 T
s
0 z 0.0
con LIPS 20ng  LPS Lps LS 1Bg con  LPS20ng  LPS £ LPS B
20ng+  20ng+  20ng+  20ng+ 20ng+  20ng+  20ng+  20ng+
wheat wheat wheat wheat wheat  wheat wheat  wheat
sprout  sprout  sprout  sprout sprout  sprout  sprout  sprout
total 1ug total 10ugtotal S0ug  total total 1ug total 10ugtotal S0ug  total
100ug 100ug

Fig. 5-4. MTT and NO assay of crude extract from wheat sprout.

Wheat sprout EtOAc layer Wheat sprout EtOAc layer
MTT assay NO assay
120 % 1000
©
5 100 £ 800
g 3 600
S 60 ) < )

5 40 = Mo g
* 20 2 00
0 z 0.0

comt  LPS:200q/I RSO0 TIPS 200031 PS:20N04 LRS00 con  LPS 20ng LPS 20ng+LPS 20ng+ LPS 20ng+LPS 20ng+

wheat wheat wheat wheat wheat wheat wheat wheat

sprout sprout sprout sprout
EtOAC EtOAC EtOAC EtOAC

sprout sprout sprout sprout

EtOAc  EtOAc  EtOAC  EtOAC
layer 1ug layer 10ug layer 50ug  layer

100ug

layer Lug layer 10ug layersoug  layer
100ug

Fig. 5-5. MTT and NO assay of EtOAc extract from wheat sprout.
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Wheat sprout n-BuOH layer
MTT assay

Wheat sprout n-BuOH layer
NO assay

% of control

Nitrite(nmole/10°cells)

con

LPS 20ng LPS 20ng+ LPS 20ng+ LPS 20ng+ LPS 20ng+
wheat

wheat wheat wheat

sprout n- sprout n- sprout - sprout n-

BUOH layer BuOH layerBuOH layer BuOH layer
lug 10ug 50ug 100ug

100.0
80.0
60.0
40.0
20.0 2
0.0
con LPS 20ng LPS 20ng+ LPS 20ng+ LPS 20ng+ LPS 20ng+
wheat wheat wheat wheat
sprout n- sprout n- sprout n- sprout n-
BuOH layerBuOH layerBuOH layerBuOH layer
1ug 10ug 50ug 100ug

Fig. 5-6.

Wheat sprout fraction 1

MTT and NO assay of n-BuOH extract from wheat sprout.

Wheat sprout fraction 1

MTT assay NO assay
120 1400
1200
_ 100
© . - 1000
s 80 e
< < 800
S & &
e o 600
= -
O 40 - o 400
L E 200 .
0 £ 0.0
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Fig. 5-7. MTT and NO assay of Open column fraction No. 1 from wheat
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Fig. 5-9. MTT and NO assay of Open column fraction No. 8 from wheat

sprout.
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3.2 RT-PCR, Western Blot
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B-actin

RT-PCR
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western blot
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’
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. Raw 264.7 wheat sprout fraction 5 500ug —

Fig. 5-10. Inducible nitric oxide synthase assay of wheat sprout fractions.
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2. 4990

6-1¥ %ro] hydrophobic =¥ hydrophilic Z=°& ®g3tch o =
hydrophobic &< 227} open columns ©]83] % 8719 fractiono = 3%k

Us TLCE ol&s] F&=2ol diss 5iA £(fr. 53 84 & (fr.

Wheat" sprout

(Triticum aestivum L. (keumkang)) s ek 00

Solvent partition with EtOAc/ Water=5/5
Driedweight: 25.73g

l
\ \

EtOAc layer (2.159) Water layer (238 g)
‘ Solvent partition with n-BuOH/ Water =5/5

n-BuOH layer 2g) Water layer (015 g)

fr.1 frz 3 fr4d fr5 fr6 fr7 fr8

Fig. 6-1. Isolation diagram of the fraction 5 and fraction 8

from ethanolic extracts of wheat sprout.
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Table 6-1. Base formulation for the preparation of wheat sprout sample

solution
A INCI name A% Biid Cu® Dit®d Evd Fi®
(g) (g) (g) (g) (g) (g)
Butylene glycol Butylene glycol 5000 5.000 5000 5000 5000 5.000
Methylparaben  Methylparaben 0.200  0.200 0.200 0.200 0.200 0.200
PEG-40
Hydrogenated
Alpicare NS Castor Oil, 1.000  1.000 1.000 1.000 1.000  1.000
Trideceth-9,
Water
Salicylic acid Salicylic acid 0.050  0.050  0.050 0.050 0.050  0.050
Panthenol Panthenol 0.300  0.300 0.300 0.300 0.300  0.300
Menthol Menthol 0.050  0.050 0.050 0.050  0.050  0.050
Phenoxyethanol Phenoxyethanol ~ 0.300 0.300 0.300 0.300 0.300 0.300
Ethanol Alcohol 12.000 12.000 12.000 12.000 12.000 12.000
Wheat sprout
extract 0.000  2.000  4.000 8.000 16.000 32.000
Water Water 81.100 79.100 77.100 73.100 65.100 49.100
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2.5 2783 E2(Hematoxylin & Eosin)
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1 week 2 week 3 week 4 week

) wheat sprout (fr. 5)

1 week 2 week 3 week

) wheat sprout (fr. 8

1 week 2 week 3 week 4 week

no treatment

1 week 2 week 3 week 4 week

ml ‘i.ﬁu|5|||\!

) base formular

1 week 2 week 3 week 4 week

YL S e, oS

) minoxidil 3%

Fig. 6-2. Time course of hair-promoting effect of (a) wheat sprout extract
(fr. 5), (b) wheat sprout extract (fr. 8), (c) no treatment, (d) base

formular, and (e) minoxidil 3% solution.
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Table 6-2. Hair regrowth scores of wheat sprout fractions

wheat sprout  wheat sprout . s Base
No treatment Minoxidil 3%
(fr. 5) (fr. 8) formular

1 week 1 1 1 1 1

Researcher 2 week 2 1 1 2 1
A 3 week 2 1 2 3 2

4 week 3 2 3 4 3

1 week 1 1 1 1 1

Researcher 2 week 1 1 1 2 1
B 3 week 2 1 2 3 2

4 week 3 2 3 5 3

1 week 1 1 1 1 1

Researcher 2 week 1 1 1 2 1
C 3 week 2 1 2 3 2

4 week 3 2 3 4 3

1 week 1 1 1 1 1

Researcher 2 week 2 1 1 2 1
D 3 week 2 1 2 3 2

4 week 3 2 3 4 3

1 week 1 1 1 1 1

Researcher 2 week 2 1 1 2 1
E 3 week 2 1 2 3 2

4 week 3 1 3 4 3

1 week 1 1 1 1 1

Researcher 2 week 2 1 1 2 1
F 3 week 2 1 2 3 2

4 week 3 2 3 4 3

1 week 1 1 1 1 1

Researcher 2 week 2 1 1 2 1
G 3 week 2 1 2 3 2

4 week 3 2 3 4 3

1 week 1 1 1 1 1

Researcher 2 week 1 1 1 1 1
H 3 week 2 1 2 3 2

4 week 3 2 3 4 3

1 week 1 1 1 1 1

Researcher 2 week 1 1 1 1 1
I 3 week 2 1 2 3 2

4 week 3 2 3 4 3

1 week 1 1 1 1 1

Researcher 2 week 1 1 1 1 1
Al 3 week 2 1 2 3 2

4 week 4 2 3 4 3

1 week 1 1 1 1 1

Researcher 2 week 1 1 1 1 1
K 3 week 2 1 2 3 2

4 week 4 2 3 4 3
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Effect of Hair regrowth {score)
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0.00

wheat sprout wheat sprout no treatment baze formular minoxidil3%
extract (fr.5) extract (fr.8)

Fig. 6-3. Effect of hair regrowth score. Hair regrowth was
evaluated by the gray or black colored area (%) on the

reverse side of the skin.
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(a) wheat sprout (fr. 5) (b) wheat sprout (fr. 8)

(c) no treatment (d) base formular

(e) minoxidil 3%

Fig. 6-4. Hair growth at the reverse side of the skin. After
gray color skin was detected, their skin was isolated
and the reverse side was photographed to evaluate

anagen induction.
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3.3 Mouse %3383 4 (Hematoxylin & Eosin)
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(a) wheat sprout (fr. 5) (b) wheat sprout (fr. 8)
(c) no treatment (d) base formular

(e) minoxidil 3%

Fig. 6-5. Tissue observation (with hematoxylin & eosin) by H&E

optical microscope (100X).
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(a) wheat sprout (fr. 5) (b) wheat sprout (fr. 8)
(c) no treatment (d) base formular

(e) minoxidil 3%

Fig. 6-6. Tissue observation (with toluidine blue dye) by optical

microscope (100X).
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control, 29 day DNCB, 29 day DNCB+WS, 29 day

(a) before
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Fig. 7-2 Atopic dermatitis induced with wheat germ extract, after 29

and 40 days.
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Fig. 7-3.

Fig. 7-4.

Histological features of skin in the groups of mice studied:

control (CON), dinitrochlorobenzene(DNCB) and dinitrochloro
-benzene + wheat sprout(DNCB+WS). Mice were studied 3
days after last WS treatment (haematoxylin and eosin staining,
magnification x200). Inflammatory cells (arrows) were observed

dermis.

Histophatological analysis of skin in the groups of mice studied:
control (CON), dinitrochlorobenzene(DNCB) and dinitrochloro
-benzene + eat sprout(DNCB+WS). Mice were studied 3 days
after last WS treatment (touidine blue staining, magnification

x200). Mast cells (arrows) were observed dermis.
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(A)

Fig. 7-5. Effects of WS on cytokines in skin tissue of DNCB treated

mice. DNCB treated Balb/c mice were treated 10% (V/W)
WBE with sprayed on skin at every 3 days for 5 times.
The levels of skin cytokine was determined by Mouse
cytokine assay kit and the intensity of the dot was

quantified by densitometric analysis.
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(8)

EControl ®WDNCB WWS

Mean pixel density

Cs5 GM-CSF  IL-1 IL-16 IP-10 CXCL9 MIP-2 TMP-1

Fig. 7-6. Effects of WS on cytokine in skine tissue of DNCB
treated mice. DNCB treated Balb/c mice were treated
10%(V/W) WBE with sprayed on skine at every 3
days for 5 times. The levels of skine cytokine wase
determined by Mouse cytokine assaay kit and the
intensity of the dot was quantified by densitometric

analysis.

(@

E@Control @DNCB WS

Relative density to control{%)
&
=)

Cs5 GM-CSF  IL-1 IL-16 IP-10 CXCL9 MIP-2 TMP-1

Fig. 7-7. Relative density to each control(Skin cytokines).
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Fig. 7-8. Dot blot analysis of spleen cytokines.
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EControl WDNCE WWS

Ccs ICAM-1 IL-1 IL-1ra IP-10  M-CSF CXCL9 TNF-a

Fig. 7-9. Effects of WS on cytokines in spleen tissue of DNCB
treated mice. DNCB treated Balb/c mice were treated
10%(V/W) WBE with sprayed on skin at every 3 days
for 5 times. The levels of spleen cytokine was
determined by Mouse cytokine assay kit and the
intensity of the dot was quantified by densitometric

analysis.
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Fig. 7-10. Relative density to each control(Spleen cytokines).
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